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[JP-2002-37614A] 

Title: 

FILAMENT CARBON AND METHOD OF PRODUCING IT USING 
HYDROTHERMAL SYNTHESIS 

Abstract: 

PROBLEM TO BE SOLVED: To provide filament carbon and a mothod for 
synthesizing a nanotube from a hydrothermal C-O-H fluid in the presence of a metal 
catalyst. 

SOLUTION: The closed carbon nanotube that is multi-layered and has open ends is 
obtained by employing a mixture of a polyethylene/water, fullerene/ water, an organic 
solvent/water, or amorphous carbon/water in the presence of Nickel at 500-900°C under 
the pressure of 30-200 Mpa, based on a novel method of hydrothermal crystalization. 
The nanotube including a layered wall having a thickness of a several carbons to 
hundred carbons is formed. Each nanotube has a small wall thickness which is 
approximately 10% of a large inside diameter as an important characteristic. A neatly 
arranged graphite structure which corresponds to that shown in TEM having a high 
degree of resolution is shown in a single nanotube by Raman Microscopic Spectroscopy. 
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^^r-f h«3S$M-T -2)81**2. 3*fcl*4lzEKcD 
^4A.b*l^«*SK 2. 3. 4£fcl*5lzE« 

2. 3. 4^t-li5UEK(0^-<^> > httrt— tK> 0 
[ W*95 8 ] ffJETK&JSIfc^rttteSg 500-900 

°C, E*30-200MPat, -y^K&SSTUlfc 
2, 3, 4^^|*5ICEttO)^-< : 7> > htt*-^>o 

«B-C**6*l4BI*3!I 1 . 2. 3, 4^fcli5lcEK0> 
[I»**1 O] ffJE*!»J5^^l*^«*«/7KcD;'E$ 

&T*-£x.<E>*l£fl|;fcJ!i 1 . 2. 3. 4^fc«5lCEK0) 

[»*3H1 1] S5E*SftJ5iC^^li^S»*-^>/7K 
<Dig£&T--5;i 1 . 2. 3. 4*fcli 5 Iz 



[OOOI] 
[0 0 0 2] 

[«#<&»»] T=l-Z? CS. lijima. MR 

S Bui I. 19, 43-49 (1994)] It. Sr*:fcSffi&tfS» 

-efe£o y =1-^-z? (MWNT) li. 

*ft*<D*YX£effil*EHT*S5lb;rU ttfrft. 

[P.Chen, X.Wu. J.Lin. K. L. Tan, Science 28 
5. 91-93(1999)) 

. -fJ T^jlx— * [R.H.Baughma 
n. eta I.. Science 284, 1340-44 (1999)] 

2 



ay hWi-S r? 4 h [P.M.Ajayan. O.St 

ephan. P. Red I ich. C. Colli ex. Nature 375. 564-567 
(1995)] Z£t;2tiZZUitR£?zi&t*&&^mft& 

y t/U XX-tmi*h>tli>T'&z>5 CS.Saito. Science 
278. 77-78 (1997)] . ±y ^i-?<D*^W&tf«« 
W^ttO)JL-— 9ftH^ftt>«tt [P. Poncharal. Z.L 
Wang. D. Ugarte. W.A.d. Heer, Science 283, 1513-15 
16 (1999)] li. ±J *zl-:?£v^d«^-««*> 
X^A(MEMS)lc£oTgafeSt(Ol::LTl>£ [0. Ing 
anas, LLundstrum, Science 284. 1281-1282 (199 
9)] o 

[0 0 0 3] L^LfcA<€>* MWNT <D±gl*l5rt-C* S 
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7pX7>«3gj . Mater. Sci. & Eng. R-Reports 15. 209 
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ffl<Oj»^DTte^>^U- ht LT©*— 
?j . Nature 375. 564-567 (1995)] , [Ch 
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ti^. GBtmmmo)f&f$.3kmt % ^g&^saizfcit 

4 £ I* * fBl^ST* a>*8&£ J£ 3f □ i: X £ ^ T? t * « 

[0 0 2 8] *Si5ij;MTr^t;fa- 

■*-y ^i-^(D7K»^«l*. ISt/fa-W^g? 
*-XAA<J:yMBElza«$tL*ttf, ^*<7)MWNT 

fA&tf-simzUZtSL&Zti&o «»T*o*-#>+ 
ic It 4 -*5EW ft fiEfi * pIS6 i: f 4 0) iz&Sftfll 
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mm*- h<? u-^-eEjfigicjs^-cfc^o cross 

*o 

[0029] 3?$£« 2 

[0030] 2 o o°C£ 8 o o^oifflcos 

g % 1 0 0MPatlT<7)E*<t L^5i6K^M^ai*"C!i 

- v ^r;HaTO)#«ETic fc it h ± — >t- J * =l — -Jo 

fo&OB9£&l+tz&&<D&&<Di&mztelth^m*-- 

n §5 * *$ it 5 y =y - u ><7>^fiE £ i&grr & * <d -e 

<fc 5o 

[0031] U> (Ceo) (»S9 9.9 5 

Science Laboratories Co., 0;$:) ±*C0>3S 

0.020g) Jlg3mmfl)4B*^t;b (§*2>0. 

i-o. 2 cm 3 ) ^(zAtttz^. *^-tr;uicna»®7K 
(>0.3g) ZMtzLtzo *lvc*^-feM**tt»U 
h^U-:? (£ h;U-P>T (Tuttle-Roy)M) \z\ti 
tc'&. 2 0^t>4 8 8#fyi0)8]ry)2 O 0°C, 4 0 0°C. 
SOOt, 6 0 0°C. 6 5 0°C, 7 0 0^ 7 5 0°C. 

0 0°ClZilDj»L/to = **;U»3R (*6S9 9.8 
%. Nilaco Co.. B*) £ 3 88 CD* :7-ti 

;U|rSftlLfco 7K<DM^@ffi<7>3 o%- 1 0 0% (a 

a) T-fcofcN i £^t;2j 3Mz;u$. 1 6 8B$[yia>rB)4 

0 0°C, 5 0 0°C. 6 0 0°C. RXS7 O 0°ClCjto8&L 

fro sm&ai*. mmx8^^-e^>#3fc#tf£xia 

S«r (XRD) ic^or. Sfc*iv*iO^ l JS <<X 

T«**B*»B«*IM»» (FESE 
M) £2SI2S^S«iS (TEM) IC J^T 

[0 0 32] TKSSMIZfflSLyc^^-U^tt^roa*). 

I*. Cgo <7)^ttX^<<7 h;u-e. i o<KD^-e>^i4^— 
K (Dresselhaus. M. S. , Dresselhaus. G. & Eklund. 
P. C. I"?^— U^lcfclt&^-^tfeSLj . J. Raman S 
pectrosc. 27. 351-371 0996)] $ ±rBJ»fz^ Lt I* 
ho $E**lCfc(^T 2 O 0°C-4 O 0°C (0.3ff*|ffl- 
4 S^rajT'^Sa^LfrftlC^bttfeCeoroX^^ h 

•c. ±f2<Dasea. ±isco^fyiicfcit«>*8ftjRK^# 

-eii$S-CfeofcZ££^LTO€> (04) 0 500t 



(168B*[H)k fe£lM*to£Sl*SST*&£A<£iJ 
fil^BftRL ft*.li6 0 0'C $fcli7 0 0 

°c (o.3B*ra) vfrmtfiiz&mztitzy^-is^fr* 

>K^S*4<Dlcttiit % Srfcfc/O KtfSftfco ft i 3 

3 5 cm" 1 £ 1 6 0 8 cm" 1 lCfclt€> 2 O0>& < IS<7>j£ 

#>lza*LTl** CGOGOTSI. 

Y.G. & Yoshimura. M. r*ttSa*#Tlc»lt«* — 
/W K±-e©*— ^>B0>RSJ$J . Nature 367,628-630 

(1994)] o ^gJt*-tf><&Cft£>(&/\*>K (TSv 
7h(0D/\*>Ki±Sy7hroGA>K) (Ottlll*. * 
mi&f&£htz*-7£>\Z^X&Mttte±<DV&&o * 

&j&j£S:hfcrt-tf>icfc^Tt?) 1 200cm" 1 a>tt« 

-So 600°C (4 8^19) . 700°C (1 68B*IH) £ 

fcttsoot (o.3B$f«) Icjfcit£7k!»*a31». 
lc#<gLTl*fcC<t£5SEELTl*S (04) . 7kS»&JI 

S£Ll**Sl£bf-?lil$lS2 4. 5° t43.5° T?. Cft 
61*^7 7 t-T h#*— 7tf>lwfiB^5<t%*£;rtfc 
(05 b) o »&4ftfrTlcm*T*4»T#ttffi«*4x 
fcCfio (D^VX-** Mu<t X RD/^- 7k 

^S^tt^ ^"T £«B^gli. i OOMPa roE^TIc 

feit§4 a&fWi<o&z<D&m&izi$i*T a o o°c-cfco 

[0 0 3 3] Ceoe&l**^*!*. ^tt*<*L<3Eik 

-r^ct^x i5a) . ims*-tf>\zm&zti. 
tto-mtv^yr* Mtztixwztf (05 b) % g 

STicteit4*f»«as*<7)^7-u>saa) fesem » 

ntlNSCi^Lfc (06 a) o 

a.-^liR^»r®$^rL, rtgtt3 0-1 2 0nm. - 
tStW}\Z\*3 O- 4 O n m<Dffifflt?, tIli5nmffto 
(E6b) o *-*>7-T7^>h(0iIlj;4-4 0 
nm<7>S5ffl-Ti. Ctll* 1 0-1 0010)^777^ h» 

gicfci^-r;. cfc < t9o T t^'S^SStt'Cli^l^y^ ^ t 

-rhl■^^LTt^^ (06b) o -^jMStT 

lz«-r^^zL-^0). gBJ*fc^l>l*-JtLfcB8ai*B 
#>t>1xUfr^tzo Z<t>?frU1-S*zL--?t£i+1><. 5fe 
^BIcn i t-ytft^^^A/T-t^Co -fi50)^r-^-ei*. IS 

[0 0 3 4] CCt^S^b»b+i^IS<i:Si»l^ 
*~^>fy^JL-^<D7K«ft^«a)DiS6ttr-fc*o *8ft 
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BttABlc ±Z>* y «,l***l;:Xl*JMtt 

£*ru E.oa»*yci^jiSffls«*:y tsi^* cat* 

«£l^«(Dffl*£*rt*a<#«-rS CEckert, C. A. . Kn 
utson. B. L & Debenedetti. P. G. nt^&tf&Rffl 
31ffl;8«£ LTC7)fiffilSt35«:j % Nature 383. 313-318 

(1996). Yoshimura. H. & Byrappa. K. r$ggj$g& 
tf«5JMBa<Dfctf)(D7KSi««J . (Andrew Williams and 

Noyes Inc. . #B-a — S?*- v— *L 2000) JBff] . 

±f£teo)nm,. mat. M&BLif/x\*#n<z>&fr*>+ a 

te<D3fr#^f»J-efc*> -5 CYoshimura. M. & Byrappa. K. 
rttAASfttf1Miasa)fe«)0!)*ntt«j . (Andrew 
Williams and Noyes Inc.. 2 

ooo) mm o aoi*. acfc&izfcMt&rajs/PifliSB 

«§S<b («fBJ£<b/SS) <7>toao)prfiltt*^^-5) [Yosh 
imura. B. & Byrappa. K. rga*fi&tfttlJlffl3<0fc 
<£>(D7Kf&8ifft J > (Andrew Williams and Noyes Inc.. 
#B-i-^*-S?-itL 2000) *fH o SB6**©T 

fiH*a*icj3it*a»tt?ai*icfcit«* y tie 

<, tttt««L^fc^). KitfiattfBS* CEckert. C. 
A.. Knutson. B. L & Debenedetti. P. G. Tit*£RZf 
toMmmitMtLXtoimtiMt} % Nature 383. 3 
13-318 (1996)] o 

[0 0 3 5] ^-i — ^TKSftJRKftf^T 

^^Stl^-ftW^^-TK^^^^i-^ (lfltft2 
— 2 5 n m"e. WSflCD^ffig 1 — 3 n m) [Ebbesen. 
T. W. r*— 7tf>^-y ^i— ?J . Ann. Rev. Mater. S 
ci. 24. 235-264 (1994)3 <fc y i JbrAMC* < % 

[0 0 3 6] *Xm<K>ttJllli« ffttdSS&JM 

S&±fl>»**,*LTl**. 5 0° <t 5 o o°e£ft#i::i8 

#«LTl*« CPirajno. F. rTKSfcWfcffi&S 
iK»j . (Springer-Verlag. IkB^iUU > /W -r^^U 

1992)] o WIOHTtnit^i*R9« 
li. NIX. -ttt&0>att«»(0a«. fcftlMHK 

#t»«*»«i:*ot, **ar*tt*»*tt^p-b 

Xlc«fcoTl*ft CPirajno. F. r*nttttMMU 
Hj . (Springer-Verlag. ttS^UM > /W "rJl^IU 



<f. 1992)] o MSttfltdDMtt. TkSft^oaSlrft 

ant 4 o o°c*ait^L^ mm.m<»M&&<»t*'&\z\t 

3 5 0°C^f>5 0 0°C^|g^^ffiHi:** CPirajno. 
F. r^ffiK^ttttattJIJ . (Springer-Verlag. 
iU'J> /vf "Til^JI^ 1992)] 0 1 OOOtifi 

2 OS$t\ KttAtf7^3K{:HaLrt^« CPirajn 
o. F. r7k»W£S£$|gfcJlj „ (Springer-Verlag. 
§"<;U'J > /W t)1>1)\,?* 1992)] o 
[0 0 3 7] C w S»l*fc**M©*«H*. *»^«^ 

mi) o ict&t^-r. 77-i/>tt4oouy«i^a 

o^L"ca«>riBaictei^rSStt**-rfc«>. c<dc 

fc(«*fC«-r«. »*a*MWStl*. Ceo *4000 
°c£&\zm*Z>t*3cfclzteZ>zt£7rsLX^Z> CZhan 
g.B.L. . Wang.C.Z.. Chan. C. T. & Ho. K. M. r*-^>^ 
^— U>a>»W»Mij . Phys. Rev. B48. 11381 (199 
3)] o CeoeaSfflt^fcSltttt, ^5Stt»Hft*lzasi* 
T7 O Ot-95 0°C-e^5— 1/>A^SB*- 
»*t4Ct$»Lt^4 CStetzer. M. R. . Heiney. 
P. A.. Fischer. J. E. & McGhie. A. R. r@#c 60 
COS&ttSSttj , Phys. Rev. B 55. 127-131 (199 
7)] o L*L*»H<0tt»tt* tt**<77-u>a>#ff 

-r*tfta**L4. *»«8o)tt*ii. 

flilz * L 6 *iU m £ BUBt a * <o T? fc 5 

«<p^«-#->^i— ^aBBooaBjiiiasticifi-^L^TL^ 

« [Osawa. E. et al. r^Katf K**»5*K jsif« 
3RJ . Nature. »ttS»^ (1999)] e 
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1 Title of Invention 

Filamentous carbon and hydro thermal synthesis of it 

2 Claims 

1. Filamentous carbon formed under hydrothermal conditions. 

2. Filamentous carbon according to claim 1, wherein 
filamentous carbon comprises multivall open-end and closed carbon 
nanotubes. 

3. Filamentous carbon according to claim 2, wherein 
nanotubes 

are prodused with the wall thickness from a few carbon layers to 
100 layers. 

4. Filamentous carbon according to claim 2 or 3. wherein 
nanotubes comprises an important feature being a small wall 
thickness, which is about 1 OX of the large inner diameter of 20- 
500 nm. 

5. Filamentous carbon according to claim 2,3 or 4, wherein 
nanotubes show a well ordered graphitic structure in agreement 
with high resolution TEM by raman microspeclroscopy analysis. 

6. Filamentous carbon according to claim 1,2,3,4 or 5. 
wherein hydrothermal conditions are under polyethylene/water 
mixtures. 

7. Filamentous carbon according to claim 1,2,3,4 or 5, 
wherein hydrothermal conditions are under polyethylene/water 
mixtures in presence of nickel. 

8. Filamentous carbon according to claim 1,2,3,4 or 5, 
wherein hydrothermal conditions are under polyethylene/water 
mixtures in presence of nickel at 500-900*0 under 30-200 MPa 
pressure. 
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